INTRODUCTION
Global climatic conditions are changing rapidly and further dramatic changes are 5 5 projected for this century (IPCC, 2013) . Spatial and temporal variability in rates of 5 6 change lead to the continuous redistribution of climatic conditions across the globe 5 7 (Loarie et al., 2009 ). If species have evolved physiological adaptations to local climatic 1 4 2 than 10% land cover. We therefore proceeded to analyse presence-absence data for 1 4 3 112 bird species across 2603 of Great Britain's 10-km grid squares at two time periods. We compared species' occupancy (y) between t 1 and t 2 across grid squares to identify 1 4 7 observed changes in occupancy (Δy) -including instances of gain (where y t1 = 0 and y t2 1 4 8 = 1), persistence (where y t1 = 1 and y t2 = 1) and loss (where y t1 = 1 and y t2 = 0) -as well cross-validation procedure for each 50-tree increment, checking for improvements in 1 7 5 calculated deviance on held-out data. Final models were fitted using the optimal number 1 7 6 of trees identified through cross-validation (with a minimum of 1000 trees), 5 nodes, a 1 7 7 learning rate of 0.001, and a bag fraction of 0.5. We assessed model fit in t 1 using the McNeil, 1982) -a measure of discrimination -and the point biserial correlation (COR) 1 8 0 (Elith et al., 2006) -the Pearson correlation between observations and predictions. We We used the realised climatic niches identified in t 1 to generate (i) modelled 1 8 4 estimates of probability of presence in t 1 (m t1 ) based on climate predictor values for that 1 8 5 period, and (ii) modelled estimates of probability of presence in t 2 (m t2 ) after updating 1 8 6
climate predictor values to reflect the redistribution of climatic conditions in t 2 . We then 1 8 7 estimated change in modelled probability of presence given the redistribution of climatic 1 8 8 conditions (Δm) by subtracting m t1 from m t2 . It is important to note that the predicted 1 8 9 probability that a species will shift its range is not only conditional on its modelled 1 9 0 change in probability of presence but also on its baseline probability of presence 1 9 1 (Rapacciuolo et al., 2014b) . As a result, we weighted Δ m values relative to m t1 (Δm w ; 100% gain in probability of presence. We estimated the relationship between observed changes in occupancy (Δy) and 1 9 9 predicted changes given climate redistribution (Δm w ) throughout the study area using 2 0 0 temporal validation (TV) plots (Rapacciuolo et al., 2014b) . The approach of TV plots is 2 0 1 illustrated in Figure 1 . For a given species, TV plots quantify the agreement between the 2 0 2 probability of observing instances of loss, persistence, or gain (collectively, standard deviation) of 0.94 ± 0.01 (based on 999 simulation runs; Appendix S1, Fig. 1 ).
4 5
Acc TV values decreased progressively with climatic niche tracking; values of 0.41 ± 0.03 2 4 6 were associated with scenarios where 100% of the virtual species' range changes were 2 4 7 random with respect to climate change.
4 8
Since temporal validation plots use changes in modelled probability of presence weighted by baseline probability of presence (m t1 ), they may be sensitive to errors in 2 5 0 model calibration in t 1. For instance, say we have a site where m t1 = 0.8 but the species 2 5 1 is absent in t 1 (y t1 = 0): even a small increase in probability of presence in t 2 (Δm = 0.1) 2 5 2 1 2 will lead to a large weighted modelled change (Δm w = 0.1/(1 -0.8) = 0.5) and, thus, a 2 5 3 large deviation from observed change if the species remains absent (y t2 = 0). As a 2 5 4 result, we also used our simulation to examine the effect of calibration errors on Acc TV 2 5 5 values (Appendix S1). Keeping the degree of niche tracking constant, we found that 2 5 6
Acc TV values were indeed sensitive to calibration errors and decreased with calibration 2 5 7 accuracy (Appendix S1, Fig. S2 ). However, relatively large errors in model calibration values (≤ 0.85) when tracking was perfect. Thus, to remove the confounding effect of 2 6 0 calibration error on Acc TV values, we selected conservative thresholds for t 1 AUC and 2 6 1 COR representing acceptable calibration errors based on our simulations (AUC = 0.8; 2 6 2 COR = 0.4). We then excluded all species with calibration AUC and COR values below 2 6 3 these thresholds (18 out of 112 species). We used a recently-published molecular phylogeny (Thomas, 2008; Cassey et al., 2 6 8 2012) to identify evolutionary relationships among 109 species from the full set of 112. We tested whether closely-related species tended to have more similar Acc TV values 2 7 0 than species drawn at random from the phylogeny by estimating the maximum (Revell, 2012). To test our four trait-based hypotheses, we obtained data on four biological traits of in their year of birth and the location in which they were recovered at first breeding age measures of life-history speed but, given the high inter-correlation among the three 2 9 0 variables, we only kept adult survival. We generated a factor variable for trophic level by consuming carnivorous prey. Finally, we estimated species' habitat specialization using 2 9 7 the species specialization index (SSI), a measure of evenness in habitat affinity We examined whether biological traits could predict variation in climatic niche tracking, unaccounted by the modelled traits may lead more phylogenetically-related species to 3 0 7 respond more similarly, modelling individual species as statistically-independent units 3 0 8 may lead to biased results. Therefore, we accounted for shared phylogenetic history in 3 0 9 our trait models using phylogenetic generalised least squares (PGLS) models -as well as an intercept-only model. We standardised all continuous predictors in each obtained this way provide a measure of the importance of each predictor on the In order to derive reliable estimates of the sign and magnitude of the effect of 3 2 4 each predictor based on the full set of potential trait models, we employed multimodel inference (Burnham & Anderson, 2004; Johnson & Omland, 2004) . We first ranked all 3 2 6 potential models using the Akaike Information Criterion correction for small sample the probability that it was the best model given the data using AICc weights (AIC w ), and 3 2 9
its structural goodness-of-fit using adjusted R 2 . Taking each predictor in turn, we then 3 3 0 considered the full set of models in which the predictor appeared and calculated: i) its model-averaged coefficients and standard errors by averaging coefficients across all S1). We examined the pattern of grid square-wise mean predicted change in probability temperatures increased most ( Fig. S3c, d ). The degree of climatic niche tracking among the 94 British bird species was low overall 3 5 8 (Acc TV : 0.52 ± 0.20; Fig. 3 ). When compared with our simulation results, the observed 3 5 9 mean Acc TV for British birds approached the value derived from scenarios where only 3 6 0 10% of the virtual species' range changes were determined by climate (Appendix S1, 3 6 1 Fig. S1 ). However, observed Acc TV values varied considerably among bird species, with 3 6 2 a number of species tracking their climatic niches closely and others shifting their 3 6 3 ranges irrespective of or even opposite to climatic expectations (Fig. 3 ). Evidence that species are responding individualistically to the same changes in climate O' Connor et al., 2012; Foden et al., 2013) . By comparing the redistribution of species' 3 9 7 climatic associations with their recently-observed range gains and losses, we were able to test a number of hypotheses of the effect of biological traits on species' climatic niche White Wagtail (Motacilla alba), whose first egg dates and juvenile survival rates 4 0 7 increase with spring temperatures (Mason & Lyczynski, 1980; Crick & Sparks, 1999) ,
the Merlin (Falco columbarius), whose regional declines have previously been linked undoubtedly required for a full attribution of observed range shifts. However, a full 4 3 0 attribution of the drivers of recent range shifts was beyond the scope of our study, which 4 3 1 instead focused on distinguishing species whose changes were consistent with climate 4 3 2 predictions from species requiring additional processes. With this objective in mind, we for further theoretical and empirical work. Furthermore, an approach that directly tests 4 4 9 the effects of species' biological traits on climatic niche tracking may be preferable or at 4 5 0 least complementary with the indirect statistic on statistic approach we use here. incurring a significant loss of information from the calculation of assemblage-level trait responses, a number of factors specific to our study system may underlie the low higher values by leading to intrinsically-lower mean deviations between predictions and suggests that carnivores may be better able to track their climatic niches than due to their lower susceptibility to climate change (Foden et al., 2013) . Therefore, 5 1 4 although we did not find evidence of an effect of natal dispersal or habitat specialisation 5 1 5 on climatic niche tracking, it is possible that trophic level may have indirectly captured 5 1 6 part of their hypothesised effects.
1 7
A further noteworthy result was that the phylogenetic signal in climatic niche 5 1 8 tracking was not significantly different from zero, suggesting that biogeographic 5 1 9 responses to climate change may be highly idiosyncratic among closely-related species.
2 0
This pattern does not appear to be limited to British birds. A number of studies 5 2 1 highlighted how congeneric species of birds and mammals are shifting their ranges in 5 2 2 opposite directions (Moritz et al., 2008; Tingley et al., 2012; Rapacciuolo et al., 2014a) . Moreover, several studies reported that accounting for phylogenetic relatedness among Newbold et al., 2009 ). However, one study did find a weak but significant phylogenetic 5 2 7 signal to the predicted suitable future climate of European species (Thuiller et al., 2011) ,
which suggests that phylogeny remains an important factor to consider when assessing congruence in phylogenetic signal among these two studies. identified by examining range changes as a whole. We present here a promising 5 4 0 approach for doing so, which uses temporal validation plots and time series of 5 4 1 distribution data to assess how well climate-based models predict observed distribution 5 4 2 gains and losses at individual sites. Though we are unable to provide strong empirical 5 4 3 evidence that biological traits mediate climatic niche tracking in this study, we believe 5 4 4 our approach may prove to be useful in this context as biodiversity datasets at broad 5 4 5 temporal and spatial extents become increasingly available. Ecology and Biogeography, 23, 867-875. predictor of climatic niche tracking (Acc TV ) in British birds across the full set of 
